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Gentlemen

Enclosed for your review and approval is the Operable Unit (OU) 5 Chemucal Specific
Matrix Effects Evaluation proposed for use 1n the Human Health Risk Assessment.

This evaluation addresses chemucal specific matrix effects for chemucals of concern 1n soil
and sediments

This discussion has been prepared in response to comments received on the OU 5 Exposure
Assessment Technical Memorandum (EATM #12) and will be incorporated 1nto the
Remedial Investigation/Remedial Facility Investigation Repornt

If there are any questions regarding this requcst, please contact Kurt Muenchow at
966 2184
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ATTACHMENT 1 CHEMICAL-SPECIFIC MATRIX EFFECTS

This azachment discusses the development of chermical specific mamix effects for Rocky Flats
Environmental Technology Site (RFETS) Operable Umt No 5 (OUS) chemucals of concern
(COCs) 1n soul and sedument samples The anachment begins with 1ts purpose and the QUS
matnix effect Thus 1s followed by a discussion of how the matrix effect was determined by
describing chemucal specific matrix factors for both 1norganic and orgamic chemicals

Purpose

Tins artachment 1s a presentanon of the chemical specafic matnces for OUS COCs for which
toxacaty factors were derived from swidies in which the agent was admmstered 1n solunon. The
marnx effect 1s used to account for decreased bioavailability relatnve 10 drinkang water or other
solutions such as corn o1l where informaton on matnices are umited or do not exist

Asindicated in U S Environmental Protecuon Agency (EPA) gwdance for nsk assessment
adjustments of bioavalabiity may be necessary if the medium of exposure in the site exposure
assessment differs from the medium of exposure assumed by the toxicity value (EPA 1989)
The gwdance further states that a substance might be more coropletely absorbed following
exposure to contarmnated dnnking water than following exposure 1o contarmnatea fooa or sou
(e g 1if the substance does not desorb from sou in the gast. owntesnnal wract)  Althouen these
matnx efect values were imually developed for the soil ingesuon pathway thev also anoly 0
o.her meaiz where cign.ficant binding of cormpounas 10 a sobd matnx may occur (e ¢
compounds ingested from sediments ¢ compouncs wngested 1n homegrown prodace)

Denved Matmx Factor

For RFETS OUS COCs 1n sod and sediment whose toxicity factors were denived from studies i
which the agent was admimstered 1n solunon 2 matnx factor of 0 5 was used to calculate intake
for humnan health rish assessment (HHRA) Chemacal specafic mamnx effects for OUS COCs in
soul are listed 1n Table 1 The martnx effect of 0 5 1s a conservanve value derived from a review
of hnerature summarized 1n Table 2 Ths value 1s based 1n part on

EPA-denved relauve bioavadabiliry facto s for cadrmurn in food (0 5) and lead 1n soil
(0 6) (EPA 1995)
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aleooL crve lanve bioavelzban 82 0 047 f0 wsew o Ssou (Fesmare
a. \QQJ)

Tne evidence suppo-ung 2 50 pe con re'auve poavadan.in of semvolatue orgame
compourds (SVOCs) 1n sod (Goor e 1 1991 Ney 1990)

Note that several studies discussed in the secuon discussing the derzvauon of the checal
specific matnx effects indicate that the aec ease i bioavadabihiry from the matrix effects of food
and sou can be substanually greater than S0 percent (as much 2s 99 percen ) indicaune that 2
matrix effect of O 5 1s conservauve (Freemane al 1992 Coxetal 1975 Sunagawa 1981
Heard and Chamberlain 1982 Sunderland et a] 1989 EPA 1905)

Tabie 1 shows that the following OUS COCs 1n surface and subsurface sou or seduments had
toxicaty values which were derived from stuaies using annking water or other solutons and
therefore snould be evaluated using a2 matnx effec of 0 5

Anumony
A.oclor 1254
Be—vihum
Fluo-anthene
Prrene

Where the citical toxiciny stuav was aie arv but 1o verucle was macatee . IRYS 20 oLl
marrix etfec 0 1 will be usec Tms was the case for penzo(a)pvrene (BaPYanccoop O
pOV& 0T C M 0cDOn (PAR)COC r. ac-owucn eaunaencyiac 0 s (TESs) casec on
BaP [benzo(2) anthracene benzo(b)fluoranth=ne c.psmzo(z '\~ huaceae ~dmnosno( -
cd)pvrene] (EPA 19942) we ¢ assiened 2 0e‘zul mainx effect of 1 bv analogy 1o B.P For
COCs wne ¢ he chermica. was ameciec cure~Jy 10 0 Ine €C*DIOT (E X .DL.DE € One.l O
1n.avenous) 1t was not necessan 10 aoply « DLmx ef1ec Thas was Je cose fo e ~u) anc
uver Caaruum molvboenurn and ruchel were mixea carecly into the aie and therefore a

cefault ma.nx efec of 1 w.ll be usec

.

0 acoucagss s'op fuc ors we  oemhveo osty o™ emaceolomed sucies (EP 4 1094b)
Siope ‘acro calculagons .ssume tha. e2ch ~2Qi0™..00¢ S 1ngesied .n 2 soludie 10 in 00C ©
wale ang wra it wouic e efore be LDD OD—.I® O COMS'CS POSS DIt S...C.UON Of 1n 2he1 the
raionJcuce 1S pouna w thar 2 sou matx Th 2Jc.0n in pote 2l .ntase ans 1oXic e s
cnino be quan.iec ov miLli'pnvine the slope w0 A o sod —uoma e~ec because he

P egg rp\@ 7\ =y Bwma~ A

/

e wdi

s I!EEIM" S i, iR s, ST
PRI

& B

e




asiLswas™ mus at.oum 10 of = =moal ef ~so7alfe »~ aree o rans Tne elfore 2 Darx
e71ec 0f 1 n.s pee~ acopted fo -acaionuclicss ir o~ presen MHERA eve~ thoucr *us ‘aclo
p obabiv ove esumaies the effecs of ~aaonu.less inegested ir soil and secament

Denvation of the Chermical Specific Matrix Effect

The denvauon of thie 0 5 matnx effect was completed from the Literature for seve-al chermcals
Marrix effects for each of these chermacals are histed in Table 2 and the hterature values for
matrix effects shown in Table 2 are discussed in the following paragraphs orgamzed by
mnorgamc and orgamc chemcals Vanous studies are cited (some that used OUS COCs and some
that did not) that provide the rauonale to use the matrix effects thar are 1aennfied in Table 1

Inorgamc Chemuicals

Six examples of EPA precedence for assurmng decreased bioavailability of inorganics from food
and soul compared to that in water are presented 1n the following cascussion  Followang tbese
paragrapns are examples of decreased bioavauabilitv of inorgames 1n soud versus solution from
the available toxacological lite ature

Cadrmurn (an OUS COC) and maneanese (not « COC 1n soil or seaument) euch have two EP4
e-1ved ora refe ence aoses (RfDs) one for ingesnon i food and one for ingesuon in wate  In
aemving meaia specific RfDs fo- cadmmumn EPA assurneqo trhat S pe cent of cadrium wingested 1n
water 1s bicavwuabie ‘RO =  0OF O- me/he ¢) ©0=par G 10 -~ 5 percenl Or cacmium ingesied
i food (RED = ' OE 0" me/ie d) (EPA 1995) Caaruu has an oral R{D for ingesuon from
food ingesuon as see~ 1n Tapie 1 Therefore the-e 1s 10 need for 2 matnix erfec for cadmuum

and the as*ault mawtnx effect of 1 was usea fo cacrmum

The RfD fo maneanese ingested 1n water (5 0E-0> me/be-d) 1s 28 umes less than the RfD for
manganese wneested 1n fooa (1 4E 01 mg/hg-d) (EPA 1995) Althougn rela.ve bioavaanihry o
manganese 1r food ana wate 1s not discussed in the Integ 2teg Rush Inrorroauon Sy sien (IRIS)
one explanzaon fo @ 28 fold gec e.se 1 toxiciry o° manranese ineestec 1 food 15 2 mamnx efiec
resuiung ir cready gc_c e.sed biooy alapan

Another examole of meaz spec.fic aufferences i toxac v of 1NOrgancs 1s suggestea by ZP4 s
RD for cvamde In genvang the RFD for cvames basec on a que. StuOv 18 rats EP4

mn.luged o sale™ ‘ac o0 of > 1o protec for orexpe tecin .Se 1n tOXiC1N Of CVanide mngesiec &
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wae P4 1005 Tq 1520 nsSf™N 2 C STPUSS e OVLl Soese2c s o0ocisCoo
LDes a5 1oxac as oy amee winees od 1n wate coTespondag 1o 2 max efe. 070 2 Ths menix
erfec s less thrar e consemvaave 0 S manix efrec Lsed fo those che-ucals wrese t1oxie =
valuss we ¢ asmived from studies in wach the ag.r was acrmmsiered wn solvtion (Table 1)

EPA does not discuss the matrix effect of berylhum (an OUS COC) 1n IRIS (EPA 1995) The
IR.S file howeve” presents an unpublished invesugation by Cox et al (1975) which indicates a
much lhgner no-observed-effect level (NOEL) of 25 me/ke-d in the dier than that n the rat
annking water study used to denive the RfD of 5 0E-03 me/Ag-d (NOEL of 0 54 mg/kg bw/day)
(Schroeder and Matchner 1975) The corresponding matrix effect for berviburp 15 0 02 Thus
atnx effect 1s much less than the conservauve 0 5 matnx effect used for those chemucals wnose
toxacity values were denved from studies in which the agent was admimstered 1n soluuon (Table

1

Anumony another OU5 COC has a RfD of 4 OE 0~ mg/bg-d that was de-1ved using a Jowest
obse~ved adverse-efec level (LOAEL) of 0 -5 me/kg bw day from a chromic annkane wate~
sTudy with rats (Schroeder et al 1970) A LOAEL of 500 me/Lg was reported for rats fed

roe alhic anumony for 24 weeks (Sunagawa 1981) The resulting matnx effec for anurmony 15

0 0007 Thus matrix effect 1s much smaller than the consevauve 0 5 matnx effect used for those
chemicals wnose toxiciry values were demved from stuaqies in whaca the agen was zarun.siered

. solunor (Taotie 1)

EPA s Ir soraiec Exoosa € Up aie Bionneac Mocol (IEUBR) 107 1€2C 1 € 0.2 JSSumes L &
e bioavadaoin 10r je.d ingested 1n sou is 50 percen  comoarec 10 50 pe cen' bicavauapun
fo lead .neested .nwete  The corresponaine sou matrix value 15 0 6 (EPA 199.<)

Zwvidence 1n the 2vaazpie 1oxacoiomical hie 2mu e mnaic.ies tha absolute 20s0rouon 0 1Oreames
ingested 1n food s less than that from water Sixnv pe-cent of radiolabeled lead cnlonde
aamunaste =¢ to aawl hursans in ware was bioovlable comparec 10 3 pe cent fo lead chiong
1meesiec 1r foocd (hew ¢ und Charzoe jain 1982) Sumuarhy mucke! chlonae aamumsierea 10 acult

~roans 1r food was rauck less bioavaiable (0 7 pe ce ) thar mcael chionoe acrmmste ed in
wate (2§ pe cc“tﬁSmc: arde al '989) In. ezsec blooc levels of mzanganese we ¢ 0dseved
In rumans mngesune nLen doses in wate When sunuar qoses 0 fmangansse wese ingestec with
1000 (Baies e1 1 1987) blood levels of mmang.nese we  no' inc eased
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csso D romsod Ir 2s the bioavadabuwn of leac ace.t ingesied i soul was 8 pemcen 0 tha
fo leag ace.ate .npesied in wate (F esmane al 1992) Alsec aarmumste ed in sou 10 rabbits
w.s much less bioavailable (28 percent) than a.semc agmunsiered 1n wate 10 ~abouts (59
peree~t) corresponding 1o a soud mawnx of 0 47 (Freemane al 1993)

Orgamc Chemucals

Several stucies show that orgamc chemicals including pesucides also bind tightly to soul
equcing their bioavadability through both oral and dermal exposure  Clays and orgamc colloias
rave 2 large sur‘ace area and canon exchange capaciry whuch permats sigmficant adsorption of
virtually all classes of pesucioes Furtherroore the adsorbed fraction desorbs slowlv and 1s
effecuvely a bound fracuion that increases over tume as the sod pesucide bond ages (Calderbank
1989) The bound fracuon 1s esumaied 10 be about 20 to 70 percent of the total amount of
orgaruc chermcal apphed to the soil

McConnell et al (1984) showed using sou conrarmne 2 5 7 § tetrachlorodibenzo-p-cuoxin
(TCDD) from the Minker Stout sit¢ that 5> pe/he bw TCDD 1n corn oul resulted in the death of
al. s» rreated guinez pies ana 13 5 ppo TCDD was oetected 1n the amunals ners  In the same
suay 5. p2/he bw TCDD from soul causes 0wy - genths of 6 treated amumals wath | < poo
a.'ectea  the ne  This stuoy incacates apou 10 pe cen re’auve bicavaabuany of TCDD
“ommthesod Snue .1 (1988) conauci.c fu=re stace o~ TCOD wnciovicar oy ot =
perc.nt { wnge of 25 10 50 pe cen ) broavauzbiy of TCDD 1r rats rece vine sous from Tumnes

R=ach \.ssour

Goone a (199)) snowed tna BaP aged 6 monns .n SOL w.S onhv 3=~ 10 51 pe cent omudly

pi0ay aulabie for c’avev anc sangy soLs comp..te 10 BaP aarmrusterso alone 1o rats
Polvchlonnated bipaemIs (PCBs) ana pesuc-des like aichloroaiphenviinchloroethane (DDT)

€ .0 gz2ne .ng hepracruo .y De expected 10 aasord strongly 10 sod sumuariy 10 BaP (Ney
1000) T'us PCB apt pesu~ C. aDSOrDJON CR2.3 emsuc oSul.S 1n requced bioavaudaoity que 10
«-S TD2InX eec  TPese sTLC.=2< SUPPOr a coms.mauve esuroate of 50 pe cen reiauve

00 van.own of SVYOCs in son compa.ec 10 those 1 soliion
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ATSDR 1091 Toxicolomeal P ofile fo An.monvy Rewview Draf  Ageney fo Toxc
Subs an.es ana Disease Rea.stnn  A™SDR/US Puolic Health Se~ices

Bales CW JH Freeland Graves P F Lin JM Stone and V Dougne~y 1987 Plasma
Uptake of Manganese Influence of Die.ary Factors In Nutrinonal Bioav.alabiliry of
Manganese C Kies Ed ACS Symposium Senes 354 p 112 122

Calderbanh. A 1989 The Occurrence and Sicnuficance of Bound Pesucide Residues m Soil
New York. Reviews of Environmental Contamination and Toxicology Vol 108
Springer Verlag Inc pp 71 103

Cox GE DE Baley and K Morgareide 1975 Chronc feeding studies with berylium
sulfate inrats  Unpublished report subrmunied by the Food and Drug Research
Laboratones Inc 1o the Alumnum Company of Arnenca Partsburg PA (as cited mn

EPA 1095)

EPA 1989 Rush Assessment Guidance for Superfund Volume I Human Health Evaluanon
Maznual (PART A) EPA/540/1 89-002 Decemnbe

EPA 1994z Develooment of Toxicitv Vaiues for PAHs to Use :n Human Riskh Assessments
EPA Remion 8 Superfung Techrucal Guaance No RA-04  Sepiemoe

EPA 1094b He.lth Eftec.s Assessmem Surnrnary Taotes (HEAST) FY 1994 Suopiernent N\o
2 Offic. of Research and Developmet Wasnneton DC EPA 5-0/R 9/11- 9200 6

203 (94 5) PBY94 921102 Novembe

EP4 1954, Guoonce Manual for the Imeg atec Exposure Up ake Biokare 3¢ Mooe] for Le.o
ir Chilaren EPA/5<0/R €2/81 Fep v

EPA 1905 Imeg-.teo Rush Ino—maaon Svsi=n (IRIS) On Ln~ catapase

Freemer GB JD Jonnson JM Rulimee SC Lo AO Davis MV Rubv RL
Chaney SC Lovre and P D Bereswom 1903 Bjoayadaoibry of Arsernc in Soul
Irzpactea oy Smelts Acuaviues Followine Orai Aamumiswzuon in Rapoits  Fungam

Apn Toxicol 2 §™ §§
F 2eman G B JEJOI‘J‘.SOI! JM RKlilinge SC Lzc PJI Feae A O Davis MV Ruby

RL Chanes SC Lovre aad PD Be ¢s o= 1002 Re zave Biozvalapwn of Lene
froz M.ae Wste Soil 1n Rats Fu~coz Apor Toxicol 19 388 298
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Goc 2 NS ~o.m VI Kz "D g 2nuRC Firme 100 O o
Bioavedan.n of Aged Sod Acso oec Bemzo(e)py ene (BaP) o Ras Sooevof
Toxicology Anru.. Mes.ng Aps.acis #1 5o

he.d MJ and A C Chamberlair 1982 Effec of Mine als a2nd Food or the Up.2he o1 Lead
{ o the Gast.omiesunal T ac in Humans Human Toxacol 1 41115

McConnell E.EE G W Lucier R C Rumbaueh P W Albro DJ Harvan Jr R Hass and
MW Hams 1984 Dioxinin Soil Bioavailability Afie Ingesuon bv Rats and Guinez

Pigs Science 223 1077 1079

Ney RE 1990 Where Did That Chermucal Go? A Pracucal Gude to Chermucal Fate and
Transport in the Environment  New York Van Norstrand Rewmnhold

Schroede H A and M Muchner 1975 Life term studies in rats Effects of alurunum
barniumm berylium and tunesten J Nutr 105 42127 (as cited in EPA 1995)

Schroeae H A M Muchner and A P Nasor 1970 Zircomium niobium anumony
vanaqiurn and lead in rats Life term studies J Nutr 100 59 66 (as cited in EPA

10a5)

Shu H D Paustenbach FJ Murray L Marme B Brunch D Dei Rossi and P Teuelbaum
1988 Bioavailaolity of Soud Bound TCDD O-al Bicavalabwuty 1n the Rat  Fundam

Aopl Toxicol 10 648-634

Sunagewe S 1981 Expe-umen 2l s uies on anurnonv poisomng  Iguhu heniyu <1 129 140
(s cea1n ATSDR 1991)

Stnez lenc W F Jr SN Hopie KR Swe ey A~ Marcts BM Mos ancl Creasor
1080  Nickel Abso~nuon and Kineaos .r Humun Voliuntes s Soc Exp Biol Mea 101
51
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Table 1 (continucd) |
Type of Critical Study
b
Chemicnl of Concern  Ornl Reference Dose Oral Siope Faclor Matrix Effcct
—
Amenicium 241 [pidemiological studics (humans) i
'
Plutonium 2397240, 1 ; Epidemiological studies (humans) I
Uramnm 233/234 Epdemiological studies (humans) 1
Uramum 235 Cpudenuological studies (humans) 1
Usamivm 238 Lpidemiological siudics (humans) i
N/A  Noi applicable chemical was adminisicred dirccily imo the receptor via injection
2 Source IRIS unless otherwise noted
h A sl matris cffect of 0 5 s ipported by crature for COCs with toxicity values bascd on solution vehicles  All other soil matsices are 1 Sce fext and
Table 2
€ Adopied for all carcinogenic PALs i soil
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Table 2

Denvation of RFETS OU5 0 5 Soil Matnx Effect

Fracton Fraction
Absorbed from Absorbed {rom
Chemical/Soecies Food/Soil (Fm) Water (Fw) Matrix Effect Source
Caammum (buman adujzs) 0025 005 0.50 EPA (1995)
Manganese (buman aduits) NA §A 004 EPA (1995)
Cyanide (rats) NA NA 020° EPA (1995)
Berylbum (rats) NA NA 002* EPA (1995)
Apnmony (rats) NA NA 0 000T EPA (199%5)
Lead (human adults) 003 06 005 Heard and
Chamberiam
(1982)
Nicke! (human adults) 0 007 028 003 Sunderiand et al
{1989)
Lead (human children) 03 05 0 60° EPA (19%4)
Lead (rais) NA NA 008 020° Freemmetal
(1992)
Arseme (rabbits) 028 059 04T Freeman et al
(1995)
TCDD (gumea pigs) NA NA 010 McCoopell et al
(1084)
Benzo(a)pvrene (-ats) NA NA 034 0351 Goon et al.
(1001)
NA Not avadable from the data.
2. Based on Fm/Fw
b Basea op reianve toxicity of masganese 1 water vs food (RID i waier = 5 0E-03 mg/kg-d RID m food
= ] 4E-0! mg/kg-d rano = 0 04)
¢ Based on expected increase wn wnary of cyamde mgested 1 water
d Based ou relanve toxscuty of beryllum 1o wate. vs food (NOEL 1o ware = 0 54 mg/kg bw/day NOEL
food = 25 mg/kg-d)
e Based on relanve toxicity of annmony 1 water vs food (LOAEL 1o water = 0 5> mg/kg bw/dav LOAEL
1z fooe = 500 mg/kg-d)
f Based on relanveretesnon of lead 1 blood, bone and Liver from EPA s IEUBK lead model

tr oo
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Based oo relanve reteanon of TCDD 1n the bive.
Based oo relanve bioavaability of beazo(a)pyrene from soul compared to waier
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